Introduction
============

Epilepsy is a chronic brain dysfunction syndrome and can occur repeatedly. Characteristic are recurrent seizures due to abnormal neuronal discharge ([@b1-br-0-0-741]). Epilepsy is a common nervous system disease, only second to stroke ([@b2-br-0-0-741]). Currently, the pathogenesis mechanism of epilepsy has not been fully understood. It was believed that genetics, central nervous system diseases, acquired brain injury and nervous system diseases could result in epilepsy ([@b3-br-0-0-741]). In the cases of hemorrhagic or ischemic stroke, 12.8% of the patients may have secondary epilepsy, especially tonic-clonic seizures ([@b4-br-0-0-741]).

The serum levels of homocysteine in epileptic patients were significantly higher than those in the normal population. Hyper homocysteinemia was a key factor of thrombosis and other cardiovascular diseases. It was reported that the incidence of secondary ischemic stroke in the epileptic patients, who had no primary cardiovascular diseases, was 0.52--1.27% ([@b5-br-0-0-741]). However, the correlation between secondary thrombosis and the serum level of homocysteine in epileptic patients was less reported, and the correlation between increasing/decreasing serum folate and vitamin B12 and the epilepsy with secondary thrombosis has not been previously described. The aim of this study was to determine whether epilepsy with secondary thrombosis was associated with the serum levels of homocysteine and vitamin B12. Thus, a comparison of the serum levels in simple epilepsy patients without secondary thrombosis through non-intervention experiment was made.

Materials and methods
=====================

### General information

A total of 37 patients, diagnosed as epileptic with secondary thrombosis in the First People\'s Hospital (Jiangsu, China) between April 2012 and April 2014, were included in the treatment group. A total of 37 epileptic patients without secondary thrombosis were included in the control group. The patients in the two groups were diagnosed as epileptic based on the clinical symptoms, electroencephalogram (EEG) and active EEG. The exclusion criteria were: i) age \<18 years; ii) pregnancy; iii) primary cerebral vascular disease, the history of trauma surgery, high agglutination, severe heart, liver and kidney dysfunction, and malignancy; iv) persistent and uncontrollable epileptic seizure; and v) refusal to participate in this study. There were 20 males and 17 females in the treatment group, with a mean age of 45.6±5.4 (31--63) years. The mean disease course was 4.6±1.2 years (3 months-17 years). In these patients, there were 19 cases of tonic-clonic seizures, 11 cases of single partial seizures, 5 cases of complex partial seizures, 2 cases of epileptic state, as well as 16 cases in the temporal lobe, 13 cases in the basal ganglia, 4 cases in the parietotemporal region and 4 cases in the frontal lobe. There were 15 patients receiving antiepileptic drug (AED) monotherapy, 14 patients receiving two AEDs in combination and 8 patients receiving three AEDs in combination. A total of 21 cases of secondary intracranial thrombosis, 12 cases of peripheral thrombosis and 4 cases of intracranial and peripheral thrombosis were confirmed. There were 21 males and 16 females in the control group, with a mean age of 48.4±6.5 (22--74) years. The mean disease course was 4.9±1.3 years (1 month-15 years). In these patients, there were 20 cases of tonic-clonic seizures, 12 cases of single partial seizures, 4 cases of complex partial seizures and 1 case of epileptic state, as well as 17 cases in the temporal lobe, 12 cases in the basal ganglia, 6 cases in the parietotemporal region and 2 cases in the frontal lobe. There were 18 patients receiving AED monotherapy, 13 patients receiving two AEDs in combination and 6 patients receiving three AEDs in combination. These patients were comparable with respect to gender, age, disease course, epilepsy type, location and AEDs (P\>0.05).

Approval for the study was obtained from the Local Ethics Committee. Informed consent was obtained from the patients\' family members.

### Methods

Serum levels of homocysteine, folate and vitamin B12 in the two groups, and the serum levels of homocysteine, folate and vitamin B12 in the epileptic patients with secondary intracranial or peripheral thrombosis were analyzed. According to the Guidance of Epilepsy, these patients received AEDs and the supplementation of folate tablet (0.4 mg/day) and vitamin B12 tablet (100 µg/day). The serum levels of homocysteine, folate and vitamin B12, and the incidence (or recurrence rate) of thrombosis in these patients after 1 year was compared.

Blood (5 ml) was collected from the ulnar vein of fasting patients in the early morning, and 1.8 ml blood was mixed with 0.2 ml sodium citrate (0.13 nmol/l) for separation. The remaining blood specimens were stored at −20°C after coagulation. The fluorescence detector and the reagent kit were provided by Taiwan\'s Formosa Biomedical Technology Co., Ltd. (Taipei, Taiwan, R.O.C.). The serum level of homocysteine was determined following the manufacturer\'s instructions. The 180SE automatic chemiluminescence detector (Bayer, Pittsburgh, PA, USA) and the reagent kit were used to detect the serum levels of folate and vitamin B12, following the manufacturer\'s instructions. Under fasting conditions, the reference range of homocysteine, folate and vitamin B12 was 5--12 µmol/l, 3--17 ng/ml, and 173--878 pg/ml, respectively.

### Statistical analysis

SPSS 17.0 software (IBM SPSS, Armonk, NY, USA) was used for the analysis of all the data in this study. Quantitative data were presented by mean ± standard deviation, and the inter-group comparison was performed by a t-test. Qualitative data were presented by number or %, and the intergroup comparison was performed by the Chi-square test. The correlation between the serum levels of folate and vitamin B12 and the serum level of homocysteine was analyzed by the Pearson correlation test. The screening of the risk factors in the epileptic patients with secondary thrombosis was analyzed by logistic regression analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Serum levels of homocysteine, folate and vitamin B12 in the two groups

As shown in [Table I](#tI-br-0-0-741){ref-type="table"}, the serum levels of homocysteine in the two groups were higher than normal, and the levels in the treatment group were significantly higher than those in the control group and the difference was statistically significant (treatment: 18.7±2.3 µmol/l vs. control: 16.3±2.1µmol/l; P\<0.05). Serum levels of folate and vitamin B12 in the treatment group were significantly higher than those in the control group and the difference was statistically significant (folate: treatment: 4.2±1.5 ng/ml vs. control:6.7±1.1 ng/ml; P\<0.05 and vitamin B12: treatment: 341.6±47.2 pg/ml vs. control: 435.3±33.7 pg/ml; P\<0.05).

According to the Pearson correlation analysis, the serum levels of folate and vitamin B12 were not associated with homocysteine (folate and homocysteine: r=0.024, P=0.923; vitamin B12 and homocysteine, r=0.123, P=0.745). Epilepsy with secondary thrombosis was selected as the dependent variable, and gender, age, disease course, epilepsy type, location, AEDs, homocysteine, folate and vitamin B12 were selected as the independent variables. A logistic regression analysis with the stepwise backward method was used to screen the dependent variables, and it was found that serum levels of folate and vitamin B12 were the independent risk factors for the epilepsy with secondary thrombosis \[folate: odds ratio (OR)=0.635, P=0.038; vitamin B12: OR=0.418, P=0.042\].

### Serum levels of homocysteine, folate and vitamin B12 in epileptic patients with intracranial thrombosis or peripheral thrombosis

As shown in [Table II](#tII-br-0-0-741){ref-type="table"}, the differences in the serum levels of homocysteine, folate and vitamin B12 in the epileptic patients with intracranial thrombosis or peripheral thrombosis were not statistically significant (homocysteine: intracranial: 20.3±3.2 µmol/l vs. peripheral:18.8±2.5 µmol/l; P\>0.05; folate: intracranial: 3.8±1.2 ng/ml vs. peripheral:4.1±1.7 ng/ml; P\>0.05; vitamin B12: intracranial: 351.3±25.5 pg/ml vs. peripheral: 348.2±41.4 pg/ml; P\>0.05).

### Serum levels of homocysteine, folate and vitamin B12 in the two groups after treatment

As shown in [Table III](#tIII-br-0-0-741){ref-type="table"}, the levels of homocysteine in the two groups were significantly decreased after treatment, while the levels of folate and vitamin B12 in the two groups were significantly increased after treatment. Differences in the serum levels of homocysteine, folate and vitamin B12 in the two groups were not statistically significant after treatment (P\>0.05). The difference in the incidence (or recurrence rate) of thrombosis in the two groups were statistically significant after treatment (P\>0.05).

Discussion
==========

Secondary epilepsy after stroke has been clinically confirmed, and may be the main etiology of elderly epileptic patients ([@b6-br-0-0-741]). The pathogenesis of secondary epilepsy after stroke involves the stability of neuronal cells affected by tissue ischemia, hypoxia, edema and metabolic disorders after stroke, the mechanical stimulus from the epileptogenic focus formed in the scar tissue after stroke, and gradual occurrence of neuronal degeneration, gliosis, scarring, atrophy and adhesions displacement ([@b7-br-0-0-741]). However, with increasing clinical experience, long-time seizure in epileptic patients without primary cerebrovascular diseases may result in thrombosis. Investigators suggested that AEDs may cause thrombosis to some extent. Cerebral thrombosis may lead to ischemic stroke, and peripheral thrombosis to limb arterial-venous embolism ([@b8-br-0-0-741]). Thrombosis involves the mass formed by the accumulation of blood in the inner lining of blood vessels, composed of insoluble fibrin and platelets. Thrombosis is the result of the interactions of multiple factors. Previous findings suggested that the serum level of homocysteine in epileptic patients was higher to a varying degree ([@b9-br-0-0-741]). Homocysteine is the intermediate product of cysteine and methionine metabolism, and may cause vascular endothelial cell permeability dysfunction, leading to the precipitation of cholesterol and lipoproteins on vascular wall, inactivation of vasodilation factors, promotion of the formation of prostaglandins and thromboxane, enhance the activity of clotting factor, and accelerate the accumulation of platelets. As a result, thrombosis was formed. Homocysteine is an independent risk factor of thrombosis. The higher the serum levels of homocysteine in patients, the higher the risk of thrombosis ([@b10-br-0-0-741]).

However, the correlation between homocysteine and thrombosis remains to be determined. This study compared the serum levels of homocysteine, folate and vitamin B12 in the epileptic patients with secondary thrombosis and the simple epileptic patients without secondary thrombosis through a non-intervention experiment. The serum levels of homocysteine in the two groups were higher than normal, the levels of homocysteine were significantly higher in the treatment group than in the control group, and the serum levels of folate and vitamin B12 were significantly lower in the treatment group than in the control group and the differences were statistically significant (P\<0.05). The Pearson correlation analysis revealed that the serum levels of folate and vitamin B12 were not significantly associated with the serum level of homocysteine. The logistic regression analysis revealed that the serum levels of folate and vitamin B12 were the independent risk factors for epilepsy with secondary thrombosis. Although the sample size in this study was small, and the risk factors of thrombosis, such as platelets and fibrinogen, were not involved, we may conclude that the serum levels of folate and vitamin B12 were independent of homocysteine and were the independent risk factors for primary epilepsy with secondary thrombosis.

The mechanism of epilepsy with secondary thrombosis caused by folate and vitamin B12 has not been reported. The reason may be that folate was composed of glutamic acid, methotrexate pyridine, and p-aminobenzoic acid, and was a necessary nutrient in the body and played important roles in the synthesis of DNA, RNA, and proteins. Vitamin B12 and folate were the coenzymes of the key enzymes in homocysteine metabolism ([@b11-br-0-0-741]--[@b14-br-0-0-741]). This study used supplementation of folate and vitamin B12, and found that the differences in the incidence of thrombosis in these patients were not statistically significant. Thus, folate and vitamin B12 were associated with the pathogenesis of epilepsy with secondary thrombosis, higher serum levels of folate and vitamin B12 could reduce the incidence of thrombosis. Some studies suggested that long-time antiepileptic treatment may decrease the level of B vitamins in the body, while some AEDs may increase the activity of methionine synthetase and the serum level of homocysteine, thus increasing the risk of epilepsy with secondary thrombosis ([@b15-br-0-0-741],[@b16-br-0-0-741]). In the present study, all the patients in the treatment and control groups received regular AEDs, and had no increased incidence of thrombosis. This result indicated that AEDs may be irrelevant to the serum levels of folate and vitamin B12 ([@b17-br-0-0-741],[@b18-br-0-0-741]). Currently, the correlation between the change of the serum levels of folate and vitamin B12 and the pathogenesis, development of epilepsy and secondary thrombosis, and the intrinsic mechanism is in preliminary investigation. Animal model and clinical controlled trials are required for further elucidation of the mechanism.

In summary, the serum levels of folate and vitamin B12 may be independent of homocysteine, and the independent risk factors for primary epilepsy with secondary thrombosis. The supplementation of folate and vitamin B12 may be beneficial to the prevention of epilepsy with secondary thrombosis, and may be valuable in application.

###### 

Serum levels of homocysteine, folate and vitamin B12 in the two groups.

  Group       Homocysteine (µmol/l)   Folate (ng/ml)   Vitamin B12 (pg/ml)
  ----------- ----------------------- ---------------- ---------------------
  Treatment   18.7±2.3                4.2±1.5          341.6±47.2
  Control     16.3±2.1                6.7±1.1          435.3±33.7
  T-value     1.786                   2.635            3.531
  P-value     0.041                   0.033            0.028

###### 

Serum levels of homocysteine, folate and vitamin B12 in the epileptic patients with intracranial thrombosis or peripheral thrombosis.

  Group                     Homocysteine (µmol/l)   Folate (ng/ml)   Vitamin B12 (pg/ml)
  ------------------------- ----------------------- ---------------- ---------------------
  Intracranial thrombosis   20.3±3.2                3.8±1.2          351.3±25.5
  Peripheral thrombosis     18.8±2.5                4.1±1.7          348.2±41.4
  T-value                   0.523                   0.638            0.926
  P-value                   0.401                   0.232            0.743

###### 

The serum levels of homocysteine, folate and vitamin B12 in the two groups after treatment.

  Group            No. of patients   Homocysteine (µmol/l)   Folate (ng/ml)   Vitamin B12 (pg/ml)   Incidence of thrombosis (%)
  ---------------- ----------------- ----------------------- ---------------- --------------------- -----------------------------
  Treatment        37                14.2±1.4                8.2±1.3          625.4±45.6              4 (10.8)
  Control          37                13.3±1.5                9.1±1.5          633.8±52.4            3 (8.1)
  T-value (χ^2^)                     0.124                   0.856            0.758                   0.639
  P-value                            0.302                   0.421            0.323                   0.452
